gillosis that received treatment. Fungal plaques were manually debrided and irrigated via frontal sinuscopy in 12 dogs that then were treated topically with 1% topical clotrimazole cream. Irrigation and topical medication application was achieved using a catheter placed retrograde directly into the frontal sinuses using the Seldinger technique over a guidewire, thereby avoiding the need for frontal sinus trephination. Invasion into the calvarium was recorded before treatment but was not considered a criterion for exclusion. Debridement and cream deposition was repeated every 2 weeks as needed until negative culture and histopathologic findings were obtained.
Results: All dogs were cured (negative results for Aspergillus on endoscopy, fungal culture, and histopathology) with a median of 2 treatments. Treatments were well tolerated, with minimal adverse effects reported. Three dogs had evidence of erosion into the calvarium on computed tomography imaging.
Conclusions and Clinical Importance:
This protocol appears to be an effective and welltolerated minimally invasive treatment for sino-nasal aspergillosis, including in dogs with erosion into the calvarium. Only mild adverse effects were noted.
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| INTRODUCTION
Sino-nasal aspergillosis accounts for 12%-34% of nasal disease in dogs. 1 Clinical signs include chronic facial pain, mucopurulent to severe hemorrhagic nasal discharge, nasal planum depigmentation, lethargy, and poor appetite. 2 Because of high failure rates and adverse effects of hepatotoxicity with PO therapy, topical treatment is the standard of care for treatment. Clinical remission rates of 85%-94%
are reported using a variety of techniques including trephination of the frontal sinus, direct sinuscopy, use of antifungal solutions with prolonged (≥1 hour) contact time, and depot treatment using a cream formulation. [3] [4] [5] [6] [7] When rhinoscopy, fungal culture, or both rather than clinical signs were used to define treatment success, remission and cure rates were lower than previously described. 8 Although sinus trephination can be well tolerated, up to 20% of dogs experience adverse effects including discomfort, incision site infections, SC emphysema and leakage of antifungal medication under the skin, abscess formation, and penetration of skull resulting in antifungal drug leakage around the brain and in the retro-bulbar space. 2, 3, 5, 9, 10 Direct frontal sinuscopy allows for direct visualization and manual debridement of fungal plaques, which results in higher cure rates after a single treatment. 11 Direct debridement using frontal sinuscopy combined with depot treatment previously has been described in 8 of 43 dogs. 5 In the remaining 35 dogs with computed tomography (CT) evidence of frontal sinus involvement, trephination was performed. Although the overall success rate in the study was 94%, the outcome of the 8 dogs with frontal sinus involvement that did not receive trephination was not specifically reported.
The combination of frontal sinuscopy with depot treatment combines the least invasive approach with the efficacy and decreased anesthesia time associated with depot treatment. Our objective was to evaluate the success rate, as determined by negative culture and histopathology, of topical treatment including direct visualization and debridement of the frontal sinus using sinuscopy and subsequent deposition of clotrimazole cream into the frontal sinus.
| MATERIALS AND METHODS
Sixteen dogs with sino-nasal aspergillosis that presented from This treatment regimen was repeated at 2-week intervals until there was no gross evidence of disease ( Figure 2C ). At this point, biopsies were repeated for histopathology and culture. The frontal sinus was not debrided or flushed, and clotrimazole cream was deposited through a catheter as previously described. Resolution of disease (cure) was defined as the absence of fungal plaques on repeat sinuscopy, negative fungal culture, and no fungal elements seen on histopathology.
| RESULTS
A total of 12 dogs were included. Breeds included Golden Retriever and attempts had been made to collect biopsy specimens near the plaque whenever possible. It is possible that culture is a more sensitive modality than biopsy for diagnosis of aspergillosis, although such a conclusion is beyond the scope of our study. In 11/12 dogs, cure was confirmed by negative culture and histopathology. For the remaining 1 dog, cure was presumed because no fungal plaques were seen endoscopically and clinical signs had resolved.
Our treatment failure rate of 17%, is similar to previously reported rates of 11%-20%. 8, 13, 14 One of the 2 dogs was diagnosed with hyperadrenocorticism which may have predisposed to recurrence. Previous studies that have used endoscopically-placed catheters have used a method that involves the biopsy forceps protruding from the endoscope and grasping a suture that is attached to the catheter. 5, 6, 14, 15 Although that technique is similarly minimally invasive, the forceps may induce trauma while being passed into the frontal sinus.
Also, because both the endoscope and the catheter must simultaneously pass through the naso-frontal ostium, it may not be possible in some dogs in which the ostium is not large enough. We were able to successfully access and treat the affected frontal sinus in all dogs endoscopically, even where the ostium was narrow.
Three dogs with potential CNS involvement (based on CT scan results) and with intact mucosal epithelium covering the defect were treated using the same protocol (in addition to PO itraconazole in 2 dogs) for a total of 13 treatments, with no complications. This included 1 dog with a fairly large 9 mm defect and secondary meningeal enhancement. The remaining defects were small to moderate (up to 4 mm). Previous reports describe a total of 10 dogs with CNS involvement treated with topical antifungal medication with no complications. 5, 8, 12 Although our treatment protocol appears to be safe for dogs with frontal bone or cribriform plate destruction, further assessment with increased numbers of patients would be required to definitively determine safety.
In unilateral disease where there was no destruction on the contralateral side, it was not possible in most dogs to perform frontal sinuscopy on the apparently unaffected side. CT scans showed no evidence of disease and in those dogs that had follow-up CT scans; no disease process became evident in the unaffected sinuses and no dog developed clinical signs on the contralateral side.
In summary, minimally-invasive debridement and depot treatment appears to be an effective and well-tolerated technique for the treatment of sino-nasal aspergillosis in dogs, with minimal morbidity and a cure rate of up to 100%.
